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ABSTRACT
Resolved debris disc images can exhibit a range of radial and azimuthal structures,
including gaps and rings, which can result from planetary companions shaping the
disc by their gravitational influence. Currently there are no tools available to deter-
mine the architecture of potential companions from disc observations. Recent work by
Rodigas et al. (2014) presents how one can estimate the maximum mass and minimum
semi major axis of a hidden planet empirically from the width of the disc in scattered
light. In this work, we use the predictions of Rodigas et al. applied to two debris discs
HD 202628 and HD 207129. We aim to test if the predicted orbits of the planets can
explain the features of their debris disc, such as eccentricity and sharp inner edge. We
first run dynamical simulations using the predicted planetary parameters of Rodigas
et al., and then numerically search for better parameters. Using a modified N-body
code including radiation forces, we perform simulations over a broad range of planet
parameters and compare synthetics images from our simulations to the observations.
We find that the observational features of HD 202628 can be reproduced with a planet
five times smaller than expected, located 30 AU beyond the predicted value, while
the best match for HD 207129 is for a planet located 5-10 AU beyond the predicted
location with a smaller eccentricity. We conclude that the predictions of Rodigas et al.
provide a good starting point but should be complemented by numerical simulations.
Key words: circumstellar matter - methods: numerical - planetary systems - stars:
individual (HD 202628, HD 207129)
1 INTRODUCTION
Many main sequence stars are known to host dusty de-
bris discs, which can be accompanied by planetary com-
panions. The small dust grains, traced by scattered light
images, experience radiation forces from the host star,
such as radiation pressure and Poynting-Robertson drag
(Burns et al. 1979) which considerably shorten their sur-
vival time. However debris disks with ages ≥ 10 Gyr are
observed (Lestrade et al. 2012), implying that an unseen
population of planetesimals must be evolving through col-
lisions and fragmentation, continually replenishing the disk
with new dust. Planets can potentially stir the parent body
belt to replenish the discs with new dust, and are therefore a
key element for debris disc survival (Mustill & Wyatt 2009).
Amongst the 40 currently known resolved debris discs,
recent images show both radial and azimuthal structures,
such as gaps, eccentric rings and warps. While local pressure
bumps – created, for example, by the photoelectric instabil-
ity effect (Lyra & Kuchner 2013) – can induce similar asym-
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metries, planetary companions can produce all these features
through their gravitational influence (Thebault et al. 2012;
Nesvold & Kuchner 2015a). Wyatt et al. (1999) developed
the secular perturbation theory for debris discs and sug-
gested that an eccentric planet could cause the double-ringed
disc of HD 107146 (Pearce & Wyatt 2015). Lagrange et al.
(2012) suggested that the warp of the β Pictoris disc could
result from the disc interacting with the planet β Pic b,
which is supported by the numerical model developed by
Nesvold & Kuchner (2015a).
While the impact of the presence of one planet on the
structure of a debris disc has been well studied and is now
understood, it remains difficult to constrain the planet’s or-
bital parameters from debris discs observations. This issue
was recently addressed for the first time by Rodigas et al.
(2014), who derived an empirical formula linking the width
of a debris disc in scattered light and an estimate of plane-
tary parameters.
Rodigas et al. (2014) applied their empirical for-
mula to provide a rough estimation of the potential lo-
cation and mass of a potential planetary companion for
HD 202628 and HD 207129. Both are G type stars host-
c© 2015 The Authors
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ing discs with scattered light features suspected of being
shaped by an unseen planet, such as an eccentric ring for
HD 202628 (Krist et al. 2012) and a very sharp inner edge
for HD 207129 (Krist et al. 2010).
We aim here to test if the predicted orbits of the planets
can indeed explain the peculiar features of their debris disc
by running dynamical simulations of these two systems. In
order to model a debris disc interacting with a planet, we
have developed a modified N-body code that takes into ac-
count radiation forces acting on the small grains in debris
discs that are traced by scattered light. Using the planet
parameters estimated from Rodigas et al. (2014) and ob-
served disc parameters from Krist et al. (2010, 2012) as
initial conditions, we first dynamically model the systems
and compare our results with observations using the radia-
tive transfer codeMCFOST to create synthetic observations
from our simulation results. We then explore a broader range
of initial planet parameters to better fit to the observation
as required.
The paper is organized as follows: first, we present the
characteristics of HD 202628 and HD 207129 in Section 2 be-
fore expanding on the predictions of Rodigas et al. (2014)
for their potential planetary companions in Section 3. Sec-
tion 4 describes the numerical method we use, and finally
we report our findings in Section 5 and discuss the results
in the Section 6.
2 HD 202628 AND HD 207129
HD 202628 is a G2 type star at a distance of 24.4 pc
(Koerner et al. 2010), with an age of ∼ 2.3 Gyr. Its debris
disc was first imaged in scattered light by Krist et al.
(2012) using the Hubble Space Telescope (HST). It showed
a belt slightly narrower than our Kuiper Belt with an
observed width to mean radius ratio ∆r/r0 ∼ 0.4 (cf 0.6 for
the Kuiper Belt), where the width, ∆r, is defined as the full
width half maximum (FWHM) of the surface brightness
profile and the mean radius, r0, is the peak location in
the profile. Among its features, this inclined debris disc
(i = 61◦) exhibits a large offset of about 28 AU (depro-
jected) from the star and a very sharp inner edge with a
radial brightness profile in rα with α = 12 as measured
by Krist et al. (2012). In the projected image, the inner
edge is fit by an ellipse of eccentricity 0.18 and semi-major
axis 158 AU, and the disc is roughly located between 150
and 220 AU. The authors suggested that a planet of 10 MJ
at 120 AU on an eccentric orbit could be responsible for
the offset and eccentric disc, while recent infrared images
taken with Herschel/PACS suggests a planet at 100 AU
(Stapelfeldt et al. 2013). By applying their derivation of
the gap law (linking the width of the gap to the mass of
the planet opening the gap) and assuming a 15 MJ planet,
Nesvold & Kuchner (2015b) estimate the potential planet
to lie between 86 < ap < 158 AU, while Pearce & Wyatt
(2014), based on their derivation of the Hill radius, suggest
80 < ap < 130 AU. The main parameters of HD 202628 are
summarized in Table 1.
HD 207129 is a G0 type star at a distance of
16 pc (Perryman et al. 1997) with an estimated age of
about 1 Gyr, whose debris disc was first observed by
Table 1. Properties for HD 202628 from Krist et al. (2012) and
for HD 207129 from Krist et al. (2010).
Properties HD 202628 HD 207129
Stellar properties
Spectral type G2 V G0 V
Age 2.3 ± 1 Gyr ∼1 Gyr
Luminosity, L∗ ∼ 1 L⊙ 1.2 L⊙
Mass, M∗ ∼ 1 M⊙ ∼ 1 M⊙
Distance, d 24.4 pcb 16.0 pcc
Disc properties
Width, ∆ra 150–220 AU 148–178 AU
Mean radius, r0 ∼ 182 AU 163 AU
Disc width ratio, ∆r/r0 0.4 0.2
Eccentricity, e 0.18 ± 0.02 <0.08d
Deproj. disc offset, δ 28.4 AU < 13.5 AUe
Inner edge power law fit, rα r12 unknown
Line-of-sight inclination, i 61◦ a 60◦±3
Position Angle, PA 134◦ a 127◦ ±3
a Best fits Rodigas et al. (2014), b Koerner et al. (2010),c
Perryman et al. (1997),
d Rodigas et al. (2014), e estimated from the 7.3 AU projected
offset of Rodigas et al. (2014).
Jourdain de Muizon et al. (1999) with the Infrared Space
Observatory, and more recently by Krist et al. (2010)
in scattered light and near-infrared with HST/ACS and
Spitzer/MIPS. Other observations over a broad range of
wavelengths from 9 to 870 µm are available – and summa-
rized in (Marshall et al. 2011) – as well as resolved Her-
schel/PACS data from Lo¨hne et al. (2012). Krist et al.
(2010) fit the scattered light observations and found an in-
clined disc (i = 60◦) with width 30 AU located at 163 AU,
making HD 207129 one of the narrowest ring detected with
∆r/r0 ∼ 0.2. The spectral energy distribution (SED) of this
well-observed debris disk exhibits steepy rising excess emis-
sion beyond 30 µm and faint emission interior to 148 AU
on the scattered light image, which is interpreted as a very
sharp inner disk, a common signature of the presence of a
planet. Krist et al. (2010) noticed a bright point source near
the south edge of the coronographic image (see their Figure
1) but were unable to determine its comotion with the sys-
tem. Such an object is estimated to have a mass of ∼ 20
MJ (Krist et al. 2010), and we estimate its distance from
the star to be about 7
′′
, i.e. 110 AU (projected). The main
parameters of HD 207129 are summarized in Table 1.
3 EMPIRICAL PREDICTIONS FROM
RODIGAS ET AL. (2014)
While theoretical models such as the secular perturbation
theory of Wyatt et al. (1999) and numerical simulations
(Quillen & Thorndike 2002; Deller & Maddison 2005;
Moro-Mart´ın et al. 2010) can determine the impact of
a massive planet on the structure of a debris disc, it is
currently difficult to extrapolate and constrain the orbit of
a potential planetary companion from debris disc obser-
vations. This issue was recently tackled by Rodigas et al.
(2014) in the case of a single interior planet interacting
MNRAS 000, 1–?? (2015)
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Table 2. Predicted masses and orbits for potential planets in the
debris disc of HD 202628 and HD 207129 from Rodigas et al.
(2014).
Star mp (MJ) ap (AU) ep
HD 202628 15.4± 5.5 >71 0.18
HD 207129 4.2± 2.3 >92 <0.08
with a debris disc, potentially causing the disc to be offset
with a sharp inner edge. By performing 160 unique N-body
simulations covering a broad range of planetary masses,
initial disc and planet eccentricities and radiation force
intensities, the authors found a correlation between the
final width of the debris disc in scattered light, ∆r, and the
mass of the planet, mp. Fitting this relation, the authors
provide an empirical formula where observers can input
the FWHM of the deprojected surface brightness profile
from any scattered light imaged debris disc to obtain the
maximum mass of the planet shaping the disk (see their
Equation 5).
By studying the migration of a planet interacting with
a massive planetesimal belt located exterior to the planet,
Rodigas et al. (2014) also derived an expression linking the
final location of the planet, the observed position of the in-
ner edge of the disc and the mass of the planet. With this
relation, an observer can obtain a minimal semi-major axis
for the shepherding planet (see their Equation 2).
The authors present several applications of these empir-
ical equations for well-observed systems in scattered light,
including HD 202628 and HD 207129. Firstly, using the scat-
tered light surface brightness profile of HD 202628 from
Krist et al. (2012), they derived a disc width ratio ∆r/r0 ∼
0.4 for the disc, suggesting a perturbing planet of mass
∼ 15 MJ located at a semi-major axis ap > 71 AU. For
HD 207129, they used the HST image of Krist et al. (2010)
and obtained a disc width ratio of 0.18, suggesting a per-
turbing planet of mass ∼ 4 MJ beyond 92 AU. The pre-
dicted planet masses and orbits from Rodigas et al. (2014)
for these two systems are summarized in Table 2. We will use
these predicted values as starting values for our simulations.
4 METHOD
In this section we describe the modified N-body integrator
used to model HD 202628 and HD 207129, the simulation
suite then we run, and the radiative transfer code used to
compare with HST scattered light images.
4.1 The integrator
Our modified N-body integrator uses the regular mixed vari-
able sympletic (RMVS) integrator in the software package
SWIFT, developed by Levison & Duncan (1994). For grains
in the disc with sizes, s, between 10−6-10−2 m, forces other
than gravity can have a significant impact, specifically ra-
diation pressure from the central star. A common way to
express the radiation pressure is to equate it to a fraction,
β, of the gravitational force between the central star and
the grain, where β decreases linearly with grain size. Thus,
if we use common units and assuming the grains to be a
blackbody, β can be simply expressed by:
β = 0.577
L∗
L⊙
(
ρ
g/cm3
)−1(
s
µm
)−1(
M∗
M⊙
)−1
, (1)
where L∗ is the luminosity of the star, ρ is the density of
the grains andM∗ the stellar mass. Another force which can
impact on the particle’s orbit is the stellar wind. This results
from the impact of stellar protons on the grains, which leads
to mass loss. As sputtered molecules from the grain carrying
momentum away, the orbit of the grains decreases toward
the star. Burns et al. (1979) derived the ratio, sw, between
the stellar wind and radiation pressure and found it indepen-
dent of the grain size for s > 1 µm. In this study, we will use
the value of sw equal to 0.051, which corresponds to a solar
type wind for an obsidian grain (Mukai & Yamamoto 1982),
appropriate for both HD 202628 and HD 207129 which are
G type stars.
The total acceleration on a grain due to radiation forces,
truncated at the second order, is given by:
d2r
dt2
= Fgrav
(
βr − β(1 + sw)
c
(vrr + v)
)
, (2)
where r , v are the position and velocity vectors, β is the ratio
Frad/Fgrav , and sw is the ratio of solar wind drag to radiation
pressure. Since there is no general solution for the motion of
a particle under the influence of radiation and gravitation
forces in a system comprising a star and a planet, we followed
the approach of Deller & Maddison (2005) and tested our
code by comparing simple two- and three-body simulations
with analytic solutions derived by Moro-Mart´ın & Malhotra
(2002) and Liou & Zook (1997).
4.2 Simulations
To numerically test the predictions of Rodigas et al. (2014),
we first run simulations of the HD 202628 and HD 207129
systems using the initial conditions for the planet provided
by the predicted values from Rodigas et al. (see Table 2) and
initial conditions for the debris discs from the observations
of Krist et al. (2010, 2012) (see Table 1). We then create
a synthetic scattered light image at 1.03 µm of the disc to
compare with the HST observations of Krist et al. (2010,
2012). If our results do not well match the observed features
of the debris discs, we run additional simulations exploring
a range of planetary parameters to determine a better fit to
the observational data.
To model the debris discs, we include the central star,
a massive planet and a swarm of massless test particles that
represent dust grains released by a parent body belt of plan-
etesimals. To model the debris disc, we would ideally like to
use a large number of parent bodies, however because test
particles can be removed from the system by two separate
1 The most common value used in the literature is sw=0.35,
which represents a magnetite grain (ρ ∼ 5 g/cm3) experiencing
a solar type wind. However since Krist et al. (2010) assumed a
density of 2.5 g/cm3 for their silicate grains, we chose the stel-
lar wind coefficient for obsidian grains which have a density ∼
2.5 g/cm3.
MNRAS 000, 1–?? (2015)
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physical processes, Poynting-Robertson (PR) drag and ra-
diation pressure, we instead model the continuous release of
test particles resulting from parent body collisions using the
following stacking method. During the simulations, after a
period of t = tinit, the position and velocity of the planet and
test particles are recorded every tdump. At the end of each
simulation, each tdump frame is stacked to obtain a final map
of the dust distribution as if test particles were constantly
released from the parent body belt every data dump, tdump.
This method allows us to mimic the continuous creation of
small grains resulting from planetesimal collisions inside the
parent body belt.
In the simulations, we initially assume that 2000 par-
ent bodies are uniformly distributed in a region of width
∆r determined by the disc parameters of Krist et al. (2010,
2012) (see Table 1) with a maximal inclination of 1◦. Al-
though the final results are independent of this initial choice
(Thilliez & Maddison 2015), we assume the initial parent
body belt of HD 202628 to be dynamically warm (0 < e <
0.3) expected from a system hosting a massive giant planet.
However since HD 207129 is suspected to host a smaller
planet, we assume the parent body belt to be dynamically
cold with quasi circular orbits (0 < e < 0.04). Through a col-
lisional cascade, we assume that each parent body releases
a massless test particle, thus simulating the small grains
traced by scattered light. Initially, the grains have identical
position and velocity to their parent bodies, but because the
massless test particles are sensitive to radiation forces, they
will evolve on different orbits to that of their parent bodies.
The β parameter is determined using Equation (1) with
the minimal grain size and the stellar parameters obtained
by Krist et al. (2010, 2012). By fitting simultaneously the
scattered light image and the spectral energy distribution,
their model indicates a minimum grain size of 2.8 µm. As-
suming a density of ρ = 2.5 g/cm3 for a silicate grain and
a total luminosity, L∗, given by L∗/L⊙=(M∗/M⊙)
3.5 and
using the stellar parameters from Table 1, we find β values
for both HD 202628 and HD 207129 between ∼0.08–0.09.
We run each simulation for a duration corresponding to
20 tsec where tsec is the secular timescale of the planet, and
with a timestep, ∆t, taken to be a 30th of the planet’s pe-
riod, Pp – see Appendix A for a discussion on our choice of
∆t and simulation duration. During the simulation, we chose
to record the test particle positions after tinit = 0 (meaning
that particles and planet position are recorded from the be-
ginning of the simulation) and then save the positions every
tdump = 4/3 Pp – see Appendix B for a discussion on our
choice of tinit and tdump.
4.3 Scattered light modeling
To compare our simulation results with the observations of
HD 202628 and HD 207129, we use the 3D Monte Carlo
radiative transfer code MCFOST (Pinte et al. 2006) to pro-
duce synthetic images.
While our simulations use massless test particles to rep-
resent dust grains,the radiative transfer code requires to
know the number density of the particle distribution in order
to estimate the scattered light emission. Therefore we assign
a mass to each test particles recorded in the simulation to
convert our simulated distribution maps into density maps
using the following assumption: (i) the number of particles
binned on the distribution map from the simulations repre-
sents the total mass of the disc, and (ii) the total mass of
dust of about one lunar mass for both discs, as derived for
HD 207129 from the infrared images by Lo¨hne et al. (2012).
The 3D density structure that results from our dynamical
simulations is then mapped onto a cylindrical grid and read
by MCFOST. Considering radiation from the stellar photo-
sphere and the dust, MCFOST derives the temperature and
radiative structure of the disc assuming spherical homoge-
neous grains. Via a ray-tracing method to follow the path
of stellar photons moving throughout the disc, synthetic im-
ages can then be obtained. We set the stellar properties and
disc orientation (inclination and position angle) from obser-
vations - see Table 1 - to create the synthetic images.
The dimensions of the grid used by MCFOST sets the
resolution of the synthetic images. For our 3D grid, we chose
90 radial bins between r = 120 − 280 AU for HD 202628
and r = 110−225 AU for HD 207129, producing an average
radial bin size of ∼ 1.5 AU, which is close to the resolution of
the HST images for these two objects. We use 120 azimuthal
bins between 0 to 2pi, and 60 vertical bins between z±20 AU.
The size of the image is set to 550 × 550 AU to cover the
disc surface in size, and we create synthetic images 512×512
pixels, with a resolution of 1.1 AU per pixel, again close to
the resolution of HST.
4.4 Image fitting method
To compare the synthetic resulting image from each simu-
lation with observations, we determine the three following
parameters for each model: the peak brightness, r0, the disc
width ratio, ∆r/r0, and offset of the disc, δ. We then esti-
mate the best fit model using a χ2 method and a Bayesian
probability distribution.
To determine the radial location of the disc peak bright-
ness, r0, and width, ∆r, we use the following method. First
the synthetic image is radially cut into 90 bins or rings
(matching the radial bins of the cylindrical grid of MC-
FOST ), and the surface brightness in each ring is then az-
imuthally averaged. To increase the quality of the fit, we
use a spline method to interpolate between the 90 bins to
obtain a set of 500 radial bins in r with corresponding aver-
aged surface brightness F (r). The peak brightness location,
r0, corresponds to the radial bin where the maximal surface
brightness, F0, is measured, while the width, ∆r of the disc
is defined as the FWHM measured from the surface bright-
ness profile.
To determine the offset of the disc, we first divide
the disc image azimuthally into 120 bins (matching the
azimuthal bins of the cylindrical grid of MCFOST ) and
then extract the peak emission from each of the 120 bins.
From the coordinates of the 120 emission peaks, we use a
least-squares deviation method to fit an ellipse that passes
through all the emission peaks in each azimuthal bin. This fit
provides four parameters: semi-minor and semi-major axes,
b and a, and the coordinates of the center of the ellipse offset
compared to the location of the star, (xoff , yoff), from which
we can derive the disc offset, δ =
√
x2off + y
2
off .
MNRAS 000, 1–?? (2015)
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4.4.1 χ2 Method:
Once the three disc parameters have been derived from the
synthetic images, we compute the χ2X for each parameter
given by:
χ2X =
(XObs −XSim)2
σ2
X/Obs
+ σ2
X/Sim
(3)
for each of the three parameters X = r0, ∆r/r0 and δ, the
subscripts Obs, Sim are respectively the parameter value
from the scattered light observation and the simulation, and
σX/Obs and σX/Sim are respectively the standard deviation
of the parameter from the scattered light observation and
the simulation.
To estimate the simulation standard deviation, σX/Sim
of each X parameter, we use a bootstrap method which
consists of randomly selecting and replacing some values to
resample a set of data points, allowing us to statistically
estimate the accuracy of fitting on the original set of data
points. For the disc width ratio and peak brightness location,
we bootstrap and resample our 500 data points of surface
brightness as a function of radius, F (r), to create an addi-
tional 5000 samples, and we then extract the peak location
and disc width ratio for each sample. The standard deviation
of the two parameters across the 5000 samples gives σr0/Sim
and σ(∆r/r0)/Sim. In the case of the disc offset, we bootstrap
and resample our 120 datapoints corresponding to the peak
emission coordinates in each of 120 azimuthal bins to create
an additional 5000 samples. We then fit an ellipse via a χ2
to obtain the value of offset for each sample. The standard
deviation of the offset across the 5000 samples gives σδ/Sim.
Unfortunately, there is little information in Krist et al.
(2010, 2012) regarding uncertainties in the disc parame-
ters derived from the scattered light observations, with the
exception of the disc eccentricity of HD 202628. Between
120 < r < 280 AU, the observed brightness profile of
HD 202628 from Krist et al. (2012) consists of 30 data-
points (see their Figure 5), while our disc has three times
more datapoints with 90 radial bins between 120 < r <
280 AU. Therefore we assume that σr0/Obs =
√
3σr0/Sim
and σ(∆r/r0)/Obs =
√
3σ(∆r/r0)/Sim. The eccentricity uncer-
tainty (±0.02) estimated in Krist et al. is similar to the value
we derived from the standard deviation of the offset and the
peak location of our bootstrap sample, and we therefore as-
sume that σδ/Obs = σδ/Sim.
We derive the total χ2tot of the model given by the sum
of χ2X of each parameters:
χ2tot = χ
2
δ + χ
2
r0 + χ
2
∆r/r0
(4)
The best fit model corresponds to the model with the mini-
mum χ2tot.
4.4.2 Bayesian probability distribution
To ensure that the range of initial planetary parameters cov-
ers a broad enough portion of the parameter space and to
therefore assess the quality of our best fit model (Pinte et al.
2007), we can check the relative probability of occurrence of
each grid point in the parameter space using a Bayesian
analysis (Lay et al. 1997).
A Bayesian analysis requires an assumption of the prior
distribution for the planetary parameters. Using the first set
of simulations with the Rodigas et al. predicted planetary
parameters as initial conditions as our only preliminary in-
formation, we use an uniform distribution for the semi-major
axis and eccentricity, corresponding to uniform sampling of
the parameter space, and a non-uniform distribution for the
planetary mass when required. For both discs, the semi-
major axis uniform distribution uses the minimal predicted
semi-major axis as the minimal boundary. The upper bound-
ary is empirically defined as the semi-major axis for which
the planet crosses the inner edge of the disc. Given that
the predicted eccentricity for HD 207129 is strictly an up-
per limit, we use the predicted value as the upper boundary
for the eccentricity uniform distribution and set the minimal
boundary to be the lowest possible value. For HD 202628, we
use the predicted eccentricity minus 1σ (±0.02 as estimated
by Krist et al.) as the minimal boundary of the distribution,
and chose a reasonable upper value at 4σ from the predicted
value. In addition, for HD 202628 we explore a non-uniform
distribution for the planetary mass as we use an irregular
spaced grid to decrease the total number of models explored
and to quickly converge towards the best fit value. The ex-
act distributions for the planetary parameters are defined in
Section 5.2.1 for HD 202628 and 5.2.2 for HD 207129.
The probability of a specific grid point is given by
P ∼ e−χ2/2. In our study, the parameter space is ei-
ther a 2D grid or 3D grid with various initial planetary
semi-major axis, ap, planetary eccentricity, ep, and plan-
etary mass, mp, values which are input into the simula-
tions. Each (ap, ep,mp) triplet forms a different model for
which a χ2tot value is derived. The 3D probability is there-
fore P3D(ap, ep,mp) ∼ e−χ2/2, and after normalization, we
can marginalize each parameter to obtain its probability of
occurrence:
P1D(ep) ∼
∑
ap,mp
P3D(ap, ep,mp), (5)
P1D(ap) ∼
∑
ep,mp
P3D(ap, ep, mp) (6)
P1D(mp) ∼
∑
ap,ep
P3D(ap, ep,mp). (7)
We can therefore check that (i) the best fit model corre-
sponds to parameters for which the probability of occurrence
is maximal, and (ii) evaluate the quality of the fit depend-
ing on how this probability distribution peaks around the
maximal value.
5 RESULTS
5.1 Testing Rodigas et al. predictions
For both debris discs, we start by running a simulation us-
ing the observed width, ∆r and eccentricity, e, of the disc
from Table 1 to set the initial semi-major axis and eccentric-
ity for the test particles. We use the parameters predicted
by Rodigas et al. (2014) as initial conditions for the planet
parameters mp, ap and ep – see Table 2. We run the simula-
tions using the simulation parameters described in Section
4.2, before creating a synthetic image with MCFOST and
finally, fitting the image parameters according the method
described in Section 4.4 to derive the χ2 of the model.
MNRAS 000, 1–?? (2015)
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Figure 1. Deprojected and azimuthally averaged radial surface
brightness profile (in W/m2) of the standard model of HD 202628
using the initial planetary parameters from Rodigas et al. (2014).
In Figure 1, we present the results of the standard
model for HD 202628 with the initial planet parameters
mp = 15.4 MJ, ap = 71 AU and ep = 0.18 given by
Rodigas et al. (2014). In order to compare with observations
of Krist et al. (2012), we first fit an ellipse on the inner edge
of the belt on the deprojected image, which corresponds
to the inner radius of the disc with a surface brightness
equal to 50% of maximum peak brightness. We then mea-
sure the offset, δ, of the ring constituting the inner edge,
as well as derive the peak location of emission, r0, and disc
FWHM, ∆r, from the deprojected and azimuthally aver-
aged surface brightness profile. We then estimate the eccen-
tricity, e = δ/r0. We found that the disc can be described
by an ellipse with e = 0.08 and δ = 11.8 AU. The bright-
ness profile peaks at r0 =157.5 AU with ∆r = 60 AU, and
the corresponding ∆r/r0 ratio is 0.41. The resulting χ
2 of
the standard model is χ2 = 2088. We conclude that the re-
sulting structure of the HD 202628 system proposed by the
Rodigas et al. (2014) planet predictions produces a belt with
the expected width – see Table 1, but with the mean radius,
r0, 20 AU closer to the star than observed. This planetary
configuration also results in a smaller disc eccentricity and
smaller offset than observed – see Table 3 for a summary.
In Figure 2, we present the results of the standard model
HD 207129 with the initial planet parameters mp = 4.2 MJ,
ap = 92 AU and ep = 0.08 given by Rodigas et al. (2014).
In order to compare with observations of Krist et al. (2010),
we follow the same method as for HD 202628, except that the
ellipse is now fitting the center of the emission belt the disc
(following Krist et al. method). We found that the bright
emission belt of the disc can be described by an ellipse at
r0 = 156 AU with ∆r = 28 AU, e= 0.07 and δ = 11 AU. The
corresponding ∆r/r0 ratio is 0.18. The resulting χ
2 of the
standard model is χ2 = 10. We conclude that the structure
of the HD 207129 system proposed by Rodigas et al. (2014)
provides a good match in terms of width, eccentricity and
offset (although the values are very close to the upper limits),
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Figure 2. Same than Figure 1 for the standard model of
HD 207129.
but also produces a belt with a emission peak 7 AU closer
to the star than observed – see Table 3 for a summary.
5.2 Finding the best fit
To try to improve the model fit to the observations, addi-
tional simulations were run using a broader range of plan-
etary parameters depending of the outcome of the Rodigas
et al. standard models. If, for example, the resulting mean
radius of the disc is located closer from the star than ob-
served, then either the planetary semi-major axis and mass,
ap and mp, are increased to strengthen the grains gravita-
tional scattering by the planet. If the impact of the planet on
the disc structure was too weak, producing a smaller eccen-
tricity and offset than observed, it is likely that the planet
is either too far from the disc (since the timescale of secular
perturbation is inversely proportional to the location of the
planet) or has too low an orbital eccentricity. We therefore
explored a range of possible semi-major axes, ap, starting
from the minimum value provided by Rodigas et al. (2014),
and also explored a range of possible planet eccentricities,
ep, as well as planetary masses, mp. For both systems we
needed to run additional simulations to better match the
observations, and a total of 190 runs of simulations were
performed – see Table B1 and Table B2 for a summary.
5.2.1 HD 202628
The standard model for HD 202628 resulted in a disc with
a peak emission too close from the star and an eccentric-
ity and offset smaller than observed, suggesting that the
planet was located too close to the star with an eccentricity
is slightly too small. We therefore conducted a set of simula-
tions with the planetary eccentricity, ep, ranging from 0.16
to 0.26 in steps of 0.02, and semi-major axis, ap, ranging
from 71 AU to 111 AU in steps of 10 AU. Simulations with
ap > 120 AU (for which the planet becomes disc crossing)
led to a continuous disc with a decreasing brightness profile,
which clearly do not match the observed ring with its sharp
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Table 3. Comparison between the observed disc parameters in scattered light and the disc parameters resulting from simulations when
testing the planetary parameters predicted by Rodigas et al. (2014).
Star eObs eSim δObs (AU) δSim (AU) r0,Obs (AU) r0,Sim (AU) ∆r/r0,Obs ∆r/r0,Sim χ
2
HD 202628 0.18 0.08 28.4 11.8 182 157.5 0.4 0.41 2088
HD 207129 <0.08 0.07 <13.5 11.0 163 156.0 0.2 0.18 10
inner edge and bell-shaped brightness profile. Therefore an
upper limit of ap = 111 AU must be set. As no satisfac-
tory match could be found using the predicted planetary
mass from Rodigas et al. (2014), we additionally explored
a range of planetary mass: 15.4, 9.9, 4, 3 and 2 MJ. Simula-
tions with mp < 2 MJ led to a peak emission too close from
the star for any value of ap within the range of 71−111 AU,
and therefore 2 MJ was set as the minimal planetary mass.
This lead to a total of 150 simulations – see Table B1.
Our best fit between the observations and simulations
was the model HD202628-21 (χ2 = 0.78): a 3 MJ planet
located at ap = 101 AU with eccentricity ep = 0.20 which
resulted in a disc with an offset of δ = 28.5 AU, eccen-
tricity e = 0.16, peak location r0 =179.3 AU and width,
∆r = 60 AU. The corresponding disc width ratio, ∆r/r0, of
the disc is 0.34. We note that the planetary mass is 5 times
smaller than the predicted maximal mass by Rodigas et al.
(2014). We fit a radial power-law to the inner edge of the
brightness profile of the disc in rα with α = 12.5, which
is still consistent with the value of α = 12 derived by
Krist et al. (2012). The resulting MCFOST synthetic im-
age and the surface brightness profile is given in Figure 3.
The χ2 map for the set of 30 simulations with mp = 3 MJ is
given in Figure 4, along with the Bayesian profiles of ap, ep
andmp marginalized over the 150 simulations. The Bayesian
distribution peaks for the best fit value of ap = 101 AU,
mp = 3 MJ and ep = 0.20.
5.2.2 HD 207129
The standard Rodigas et al. model resulted in a disc with a
peak emission too close to the star and an eccentricity and
offset close to the predicted upper limit, suggesting that the
planet in the standard model is located too close to the star
and has too high an eccentricity. In order to find a better
fit, we ran 40 simulations with planetary eccentricity, ep,
ranging from 0.08 to 0.01 in steps of 0.01, and a semi-major
axis, ap, ranging from 92 AU to 107 AU by step of 5 AU.
We found good agreement between the observations and
models 11, 12, 20 and 21 (0.07 < χ2 < 0.2): a planet located
at ap = 97 AU with ep = 0.05− 0.06 resulted in a disc with
an offset δ ∼ 10 AU, an eccentricity e of 0.06, with a peak
location r0 ∼163 AU and a ∆r = 27 AU (∆r/r0 ∼ 0.17),
while a planet located at ap = 102 AU with ep = 0.04−0.05
led to δ = 7 AU, e = 0.03, r0 ∼ 163 AU and ∆r/r0 ∼ 0.16 –
see Table B2. We thus based our determination of the best-
fit model on the Bayesian distributions marginalized over the
40 simulations in Figure 5: the distributions peak for ap =
102 AU and ep = 0.05, and we therefore use model 20 as the
best fit (χ2 = 0.16), and the χ2 map is given in Figure 5. Our
radial power-law fit to the inner edge of the brightness profile
of the disc was in rα with α = 10.98, which is consistent
with the inner edge suspected by Krist et al. (2010) when
noticing the steep rise at 30 µm in the SED. The resulting
MCFOST synthetic image and the surface brightness profile
are given in Figure 6.
6 DISCUSSION
6.1 The best fit for HD 202628
HD 202628 was recently observed with Herschel by
Stapelfeldt et al. (2013), who noted a very sharp inner edge
of the disc with a well constrained eccentricity of 0.18. They
suggested that a planetary companion with ap ≥ 100 AU
could be sculpting the disc. Our best fit for this system
placed the planet at 101 AU with ep = 0.2 and a result-
ing disc eccentricity of 0.16, supporting the suggestion of
Stapelfeldt et al. (2013). Those parameters are also consis-
tent with the predictions of Nesvold & Kuchner (2015b) and
Pearce & Wyatt (2014). We found that if the planet was lo-
cated beyond 120 AU, the proximity of the planet to the
belt would produce a strong dust scattering, leading to a
continuous dust disc from the star to the outer region of the
system, which is not the structure observed by Krist et al.
(2012). If ap < 100 AU, the secular perturbation does not
reproduce a disc with eccentricity and offset high enough to
match the observations. Therefore we suggest a configura-
tion with a planet of ep = 0.2 and ap ∼ 100 AU represents
the best fit to the scattered light observations of HD 202628.
6.2 The best fit for HD 207129
During the analysis of images taken by Herschel/PACS at
70 and 100 µm, Lo¨hne et al. (2012) noted a brightness
asymmetry of about 15% between the north-west and
south-east side of the disc. Using the code ACE (Analysis
of Collisional Evolution) to model the collisional activity
of HD 207129, the authors derived an average eccentricity
for the parent body belt of e ∼ 0.05. In order to check our
best fit for this system, we ran additional simulations of
2000 parent bodies each, with β parameters corresponding
to the minimal and maximal grain size derived from the
Herschel/PACS emission (s = 8 and 1000 µm) along
with an intermediate size of s = 100 µm. For the planet
parameters, we use a simulation with (i) an initial planetary
semi-major axis ap = 97 AU with ep = 0.06 (model 11),
and (ii) a simulation with ap = 102 AU with ep = 0.05 from
the scattered light best fit (model 20). For each set of initial
planetary parameters, the three distributions resulting
from simulations with different grain sizes were binned
into a single MCFOST grid. Although each of the three
simulations with a different grain size are run with an equal
numbers of parent bodies, the final spatial distributions
have their contribution weighted according the classical size
distribution (Dohnanyi 1969) when binned into the grid,
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Figure 3. Result for the best-fit model HD 202628-21: (left) synthetic image at 1.03 µm roughly aligned with the image from Krist et
al., (right) deprojected and azimuthally averaged radial surface brightness profile. The green line is to the power law fit to the inner edge.
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Figure 4. (top) Bayesian probability distribution from the set of 150 simulations of HD 202628 for (left) the parameter ap, (center) for
the parameter ep and mp (right). (bottom) χ2 map of the parameter space explored in the 30 simulations with mp = 3 MJ, the colorbar
indicates the χ2 value for each model.
as expected for a steady-state system. Using this stacked
distribution, MCFOST therefore derives the temperature
structure for a disc with a density distribution estimated
by the three different grain sized populations. We then
created synthetic images at 70, 100 and 160 µm which were
convolved with a gaussian beam of FWHM equal to the
resolution of the Herschel/PACS instrument.
With initial planet parameter, ep = 0.06 and
ap = 97 AU, we found a brightness asymmetry on
the 70 µm of about 18% and of about 15% at 100 µm, while
the initial configuration with ep = 0.05 and ap = 102 AU
led to a asymmetry of 13% at 70 µm and 10% at 100 µm.
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Figure 6. Result for the best-fit model HD 207129-20: (left) synthetic image at 1.03 µm roughly aligned with the image from Krist et
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Figure 7 shows the MCFOST synthetic image at 70 µm
of the model with ep = 0.06 and ap = 97 AU along
with the azimuthal surface brightness profile of the disc
for a projected radius of r = 135 AU at 100 µm. We
conclude that our best fits, assuming a planet between
97 < ap < 102 AU and 0.05 < ep < 0.06, are consistent
with both the brightness asymmetry and eccentricity found
in the Herschel image by Lo¨hne et al. (2012).
6.3 Observed point source near HD 207129
Krist et al. (2010) noticed a bright point source in the
coronographic image of HD 207129 located towards the
south edge of the image at a projected distance from the
star that we estimate to be 110 AU. Using the observed
object’s brightness and spectral evolutionary models,
Krist et al. (2010) estimated a mass of ∼ 20 MJ. Since no
follow-up observations have yet been made, it is currently
unknown if this bright object is a background source or
is comoving with the system. To investigate, we ran an
additional simulation with the initial conditions for the disc
taken from Table 1, and instead of using the parameters
predicted by Rodigas et al. (2014), we place a 20 MJ
planetary companion at ap= 225 AU (the deprojected
semi-major axis we estimate from the observation) with
ep = e = 0.08. We ran the simulation for the same duration
as the other models (tsim = 20tsec), however the simula-
tion ended at 0.9 tsim due to the total disruption of the belt.
Assuming the mass of the point source was highly over-
estimated (for example, due to accretion of dust around
the planet, which dramatically increases the brightness), we
repeated the simulation, but with a lower perturber mass
mp=4.2 MJ as estimated by Rodigas et al. (2014) with the
same orbit as previously. At the end of the simulation we
found that the resulting debris disc could be described as
an ellipse located at 150 AU with e=0.18, δ =15 AU and
∆r =40 AU – see Figure 8. The corresponding ∆r/r0 ratio
is 0.26. All parameters from the disc, producing χ2 = 106.5,
are greater than those observed by Krist et al. (2010). It
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Figure 8. Synthetic scattered light image at 1.03 µm of our
model for HD 207129 with an external planetary companion at
ap= 225 AU with mp= 4.2 MJ. The resulting disc structure is
wider, with a larger offset and eccentricity than the best fit model
presented in Figure 5 and the observations.
therefore seems likely that this bright point source is a back-
ground source.
6.4 Comparison with Rodigas et al.
The predictions of Rodigas et al. aimed at constraining the
maximum mass and minimum semi-major axis of a potential
companion interior to a debris disc. To achieve this, they
used N-body simulations with a broad range of planetary
and disc parameters to derive an empirical equation link-
ing the planetary parameters to the disc width. In this pa-
per, we focus on modeling two specific debris discs to derive
the mass, semi-major axis and eccentricity of the potential
planet assuming the planet is sculpting the inner edge and
eccentricity of the disc.
Although we also use N-body simulations to model our
planet-disc systems, a few differences with the method fol-
lowed of Rodigas et al. should be pointed out. While Rodigas
et al. includes radiation pressure acting on bound grains, we
also include the stellar wind and PR drag acting on bound
as well as unbound grains. As a result, small grains can be
pushed outward by radiation pressure as well as dragged in-
wards by both PR and stellar wind drag. Therefore our sim-
ulations are expected to result in broader discs than those
of Rodigas et al.
The Rodigas et al. simulations use a very specific initial
setup up by constraining the initial disc eccentricity to be
equal to that of the planet, forcing the disc and planet to
be apse-aligned, and using an initially infinitesimally narrow
parent body belt. We use a more relaxed configuration with
a dynamically warm broad parent body belt with a range of
initial eccentricities, and do not force the planet-disc align-
ment. In Thilliez & Maddison (2015), we addressed the issue
of using different initial conditions in N-body debris discs
simulations. We found that simulations in which the disc
is initially secularly forced in eccentricity and apse aligned
with the planet produce (i) narrower discs than when us-
ing an initial dynamically warm disc, and (ii) if, in addition
to the forced initial conditions, an initially narrow is used,
the final peak emission location is shifted outward. There-
fore, since narrow forced initial conditions overestimate the
distance between the planet and the disc peak emission, it
is not surprising that our best fit models required a planet
with a larger semi-major axis as well as a smaller mass than
predicted by Rodigas et al.
Finally, Rodigas et al. integrate the trajectory of their
parent bodies for about 1000 orbits before running their sim-
ulations for the test particles for about 1 tcoll. Our simula-
tions directly integrate the trajectories of the test particles
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for 20 tsec, which corresponds to 19 tcoll for HD 202628 and
23.5 tcoll for HD 207129. By running the simulations for a
longer duration, the particles have more time to be diffused
and thus result a broader final configuration.
6.5 Detectability of predicted planets
The new generation of direct exoplanet imagers, such as the
Gemini Planet Imager (GPI) and the Spectro-Polarimetric
High-Contrast Exoplanet Research (SPHERE), are expected
to reach contrast levels (defined as the ratio of the planet
to star brightness) of 10−7 to 10−8 in scattered light and
10−6 in infrared within ∼ 6λ/D of the star, where D the
diameter of the telescope aperture (Traub & Oppenheimer
2010). Both predicted companions around HD 202628 and
HD 207129 have a maximum angular separation of 5 and
6.3 arcsec respectively to their host stars. Such a planet-star
separation is greater than the minimal distance (∼ 6λ/D)
imposed by diffraction, but also leads to a very low contrast
level of ∼ 7 × 10−12 in the visible spectrum, assuming a
planet radius of 1.5 RJ and the geometric albedo of Jupiter.
In the near IR, giant planets are self-luminous and their
important thermal emission can lead to a contrast several
orders of magnitude brighter than in the optical, especially
for young planetary systems. Extrapolating from the hot
star evolution model of Fortney et al. (2008) and assuming
a 4 Jupiter mass planet orbiting a Gyr old star, the expected
absolute magnitude for such planet is ∼ 22. Given the mag-
nitude of both HD 202628 and HD 207129, this would cor-
respond to a ∼ 3.5 × 10−8 contrast in the H band, which
still remains below the current detection threshold. There-
fore, even with recent instrumental improvements, the direct
detection of both potential companions in a near future un-
fortunately remains unlikely.
7 CONCLUSIONS
In order to study the perturbations induced by a planet on
the structure of a debris disc, we have modified an N-body
integrator to include stellar radiation pressure, PR drag and
stellar wind. To compare the results of our numerical simu-
lations with observations, we used the 3D Monte Carlo ra-
diative transfer code MCFOST to produce synthetic images
of the resulting debris discs. Our aim was to investigate the
planetary configuration predicted by Rodigas et al. (2014)
using the scattered light observations of the width of the de-
bris discs detected around HD 207129 and HD 202628. We
report the following results and conclusions:
• We found good agreement between our synthetic ob-
servations and scattered light observations for HD 202628
using a slightly higher planet eccentricity (ep = 0.2), a
larger semi-major axis (ap = 101 AU) and a planetary
mass five times smaller (mp = 3 MJ) than predicted
by Rodigas et al. (2014). Our best fit is in good agreement
with the planet location estimated by Stapelfeldt et al.
(2013), Pearce & Wyatt (2014) and Nesvold & Kuchner
(2015b).
• We found good agreement between our synthetic ob-
servations from numerical simulations and scattered light
observations for HD 207129 using a planet located between
97 < ap < 102 AU, which is 5−10 AU beyond the predictions
of Rodigas et al. (2014), with an slightly smaller eccentric-
ity (0.05 < ep < 0.06). We demonstrate that such a planet
can explain the brightness asymmetries detected in the far-
infrared with Herschel/PACS by Lo¨hne et al. (2012).
• We suggest that the observed bright point source in the
southern corner of the coronographic image of HD 207129
is likely a background source. Numerical simulations showed
that if this object was part of the system, the resulting de-
bris disc structure would not match the current observed
structure.
Overall, we conclude that the predictions of Rodigas et al.
(2014) provide a good starting point for estimating the or-
bit of a potential planetary companion to debris discs, but
should be complemented by numerical studies to test if the
predicted planet can indeed induce the observed features in
the disc.
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APPENDIX A: SIMULATION DURATION
The lifetime of grains in the disc is determined by three sep-
arate physical processes: Poynting-Robertson (PR) drag and
radiation pressure which both tend to remove grains from
the system, as well as destructive collisions between grains,
which also reduce the population. Krist et al. (2012) esti-
mated that the collisional lifetime for grains in HD 202628
is about 100 shorter than the PR lifetime. Following
Wyatt et al. (1999), the collisional lifetime, tcoll, of a grain
orbiting at a heliocentric distance r is:
tcoll ∼ torb
4piτ
, (A1)
where torb is the orbital period of the grain at distance r,
and τ is the effective optical depth of the disc. The peak of
emission in the disc for HD 207129 and HD 202628 is located
around 163 and 180 AU respectively. Krist et al. (2012) es-
timated the optical depth, τ , for both discs to be ∼ 2× 104,
therefore for grains located near to the emission peak the
corresponding collisional lifetime is ∼ 940,000 years for HD
202628 and ∼ 790,000 years for HD 207129.
Because destructive collisions are said to be the main
destroyer of grains on a very short timescale, it has been ar-
gued by Stark & Kuchner (2009) and Thebault et al. (2012)
that collisions can prevent planet-induced structures form-
ing in the disc. More recently, Kral et al. (2014) showed that
asymmetries resulting from stochastic collisions are erased
tcoll after their formation due to radiation pressure redis-
tributing the orbits of small grains. Therefore it is unclear
that duration of a simulation should be limited by tcoll. This
topic requires a complete study that is beyond the scope of
this article.
In this study secular perturbations are the crucial inter-
action between the planet and the disc. These perturbations
impose the eccentricity of the disc to precess about a forced
value on a timescale tsec given by:
tsec =
2pi
A× tyear , (A2)
where tyear is the number of seconds in a year and A is the
precession rate as a function of the planet ap, mp and disc
Table A1. Disc parameters for simulations of HD 207129 with
different durations using the initial planetary parameters pre-
dicted by Rodigas et al.
tsim (tsec) tsim (tcoll) δ (AU) rpeak ∆r/r0
2 2.5 13.3 162.5 0.187
5 6.1 13.4 161.0 0.195
10 12 12.3 159.1 0.195
20 25 11.1 156.0 0.183
40 50 10.3 154.9 0.185
100 120 9.6 154.7 0.184
150 180 10.5 155.1 0.189
semi-major axis, a, and mean motion, n (see Wyatt et al.
(1999) for a complete expression of A). As reported by
Chiang et al. (2009), the forced eccentricity tends toward
the value of the planetary eccentricity, ep, while ap tends
toward a. Using the location of the peak emission as the
disc semi-major axis, we estimate tsec for the planetary con-
figuration predicted by Rodigas et al. (2014) to be 893,340
years for HD 202628 and 972,450 years for HD 207129.
These different physical processes need to be taken into
account when setting the simulation duration. To test the
impact of the final integration time on the resulting disc
structure, we ran several simulations for the Rodigas et al.
predicted model of HD 207129 with different simulation du-
rations: 2, 5, 10, 20, 40, 100 and 150 tsec. We then created
synthetic images and fit the disc parameters of each sim-
ulation – see Table B1 for the results.
We find that variations in the disc offset, width and peak
location rapidly tend to constant values (less than 10% vari-
ation) after 25 tcoll, which is about 19,500,000 years. The
corresponding secular timescale for this duration is 20 tsec.
We therefore chose to run each simulation for a time cor-
responding to 20 tsec with a timestep, ∆t, taken to be a
1/30 of the planet period, since no strong variation in the
disc offset, width and peak location are noticeable after this
period.
APPENDIX B: RECORDING TIME OF TEST
PARTICLES DURING THE SIMULATION
We ran two simulations to check that our results are not
affected by our choice of initial recording time: one with the
initial data recording time set to tinit = 0.0 (meaning that
test particle and planet positions are recorded from the be-
ginning of the simulation), and one with tinit = tsec, where
tsec is the secular time of the planet. We created synthetic
images and fit the disc parameters for both simulations and
found the same final disc parameters to within 4%. We con-
clude that the initial conditions have little effect on the final
disc parameters. We therefore set the initial recording time
tinit = 0.0 for the rest of the study.
Following a similar method, we also tested that the fi-
nal fit of the disc parameters is independent of the output
recording time, tdump. We ran two simulations: first with
tdump = 4/3 Pp (which corresponds to ∼ 800 years for both
systems) and also with tdump = tcoll/100 ∼ 8000 years. We
found that both simulations resulted in similar disc param-
eters to within 7%, and we again conclude that the determi-
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nation of the disc parameters in independent of tdump. We
use tdump equal to 4/3 Pp for the rest of the study.
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Table B1. Simulation input planetary parameters (mp, ap and ep) and the resulting disc structure (δ, e, r0 and ∆r/r0) for HD 202628.
A total of 150 simulations were run to perform this study, however for clarity purposes only the best fit (BF) values are given within a
set of simulations for a planetary mass of 15.4, 9.9, 4.0 and 2.0 MJ, along with all simulations with the planetary mass equal to the best
fit value of 3 MJ. The last column represents the total χ
2
tot for the model.
Model mp (MJ) ap (AU) ep δ (AU) e r0 (AU) ∆r/r0 χ
2
tot
Rodigas 15.4 71 0.18 11.8 0.08 157.4 0.41 2088.0
BF 15.4 111 0.26 23.3 0.11 219.2 0.45 309.2
BF 9.9 101 0.18 27.4 0.14 192.4 0.27 15.3
BF 4.0 111 0.18 27.4 0.15 181.6 0.36 14.9
BF 2.0 101 0.26 28.2 0.16 175.5 0.37 3.7
1 3.0 71 0.16 6.0 0.04 148.8 0.39 3423.7
2 3.0 71 0.18 6.8 0.05 144.6 0.39 3221.7
3 3.0 71 0.20 8.0 0.05 146.4 0.38 2875.6
4 3.0 71 0.22 8.4 0.06 143.9 0.38 2779.7
5 3.0 71 0.24 9.5 0.06 146.4 0.38 2494.5
6 3.0 71 0.26 9.8 0.07 145.4 0.37 2424.9
7 3.0 81 0.16 14.5 0.09 159.1 0.38 1328.7
8 3.0 81 0.18 15.8 0.10 158.1 0.37 1101.4
9 3.0 81 0.20 17.8 0.11 155.6 0.37 804.6
10 3.0 81 0.22 18.5 0.12 156.8 0.38 711.5
11 3.0 81 0.24 19.7 0.13 155.7 0.37 556.2
12 3.0 81 0.26 20.0 0.13 156.0 0.36 523.0
13 3.0 91 0.16 20.4 0.13 159.5 0.40 465.4
14 3.0 91 0.18 22.4 0.13 167.6 0.37 254.7
15 3.0 91 0.20 24.2 0.14 169.6 0.37 131.9
16 3.0 91 0.22 25.8 0.15 167.3 0.36 64.2
17 3.0 91 0.24 26.9 0.16 165.9 0.35 36.0
18 3.0 91 0.26 28.1 0.17 164.7 0.36 25.5
19 3.0 101 0.16 23.1 0.13 173.7 0.35 193.8
20 3.0 101 0.18 26.9 0.15 178.8 0.34 16.7
21 3.0 101 0.20 28.5 0.16 179.3 0.34 0.78
22 3.0 101 0.22 29.6 0.16 179.5 0.34 9.9
23 3.0 101 0.24 33.2 0.18 181.6 0.33 154.3
24 3.0 101 0.26 34.0 0.19 180.6 0.32 213.3
25 3.0 111 0.16 26.5 0.15 181.8 0.29 24.2
26 3.0 111 0.18 27.8 0.15 180.5 0.31 2.5
27 3.0 111 0.20 30.8 0.17 183.1 0.32 39.7
28 3.0 111 0.22 31.7 0.18 178.6 0.32 72.9
29 3.0 111 0.24 34.4 0.18 188.8 0.33 242.5
30 3.0 111 0.26 35.9 0.20 179.3 0.32 374.8
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Table B2. Simulation input planetary parameters (mp, ap and ep) and the resulting disc structure (δ, e, r0 and ∆r/r0) for HD 207129.
A total of 40 simulations were run for this study. The last column represents the total χ2tot for the model.
Model mp (MJ) ap (AU) ep δ (AU) e r0 (AU) ∆r/r0 χ
2
tot
Rodigas 4.2 92 0.08 11.1 0.07 156.1 0.18 10.0
2 4.2 92 0.07 9.7 0.06 157.1 0.17 7.3
3 4.2 92 0.06 8.6 0.05 157.6 0.17 6.2
4 4.2 92 0.05 6.4 0.04 158.1 0.17 5.0
5 4.2 92 0.04 6.1 0.04 153.5 0.2 18.9
6 4.2 92 0.03 6.3 0.04 151.4 0.19 28.0
7 4.2 92 0.02 3.9 0.02 150.1 0.18 34.7
8 4.2 92 0.01 1.9 0.01 149.5 0.16 38.4
9 4.2 97 0.08 10.6 0.06 162.0 0.21 0.30
10 4.2 97 0.07 9.3 0.06 156.5 0.20 9.0
11 4.2 97 0.06 9.7 0.06 163.0 0.18 0.07
12 4.2 97 0.05 10.9 0.07 162.1 0.16 0.21
13 4.2 97 0.04 7.4 0.04 159.0 0.15 3.4
14 4.2 97 0.03 5.9 0.04 160.0 0.13 2.2
15 4.2 97 0.02 3.7 0.02 158.7 0.12 4.2
16 4.2 97 0.01 1.9 0.01 157.7 0.11 6.4
17 4.2 102 0.08 11.4 0.07 160.8 0.24 1.2
18 4.2 102 0.07 9.7 0.06 161.4 0.21 0.61
19 4.2 102 0.06 8.6 0.05 161.6 0.19 0.44
20 4.2 102 0.05 7.3 0.04 162.2 0.17 0.16
21 4.2 102 0.04 6.4 0.03 163.3 0.15 0.14
22 4.2 102 0.03 5.4 0.03 164.9 0.13 1.0
23 4.2 102 0.02 4.6 0.03 165.4 0.11 1.8
24 4.2 102 0.01 2.8 0.02 165.1 0.10 1.6
25 4.2 107 0.08 16.3 0.10 157.2 0.26 121.8
26 4.2 107 0.07 16.5 0.10 158.2 0.25 137.5
27 4.2 107 0.06 14.5 0.09 161.4 0.25 24.2
28 4.2 107 0.05 15.5 0.1 160.0 0.24 69.8
29 4.2 107 0.04 14.5 0.09 161.6 0.24 23.6
30 4.2 107 0.03 7.7 0.04 166.9 0.22 3.4
31 4.2 107 0.02 6.0 0.04 168.9 0.22 7.5
32 4.2 107 0.01 3.5 0.02 169.7 0.20 9.5
33 4.2 112 0.08 10.7 0.07 152.6 0.15 23.0
34 4.2 112 0.07 10.2 0.07 153.6 0.16 18.8
35 4.2 112 0.06 8.2 0.05 153.8 0.14 18.1
36 4.2 112 0.05 7.3 0.05 154.5 0.14 15.5
37 4.2 112 0.04 5.7 0.04 155.9 0.13 10.9
38 4.2 112 0.03 4.0 0.03 155.8 0.13 11.1
39 4.2 112 0.02 3.1 0.02 155.4 0.12 12.5
40 4.2 112 0.01 1.7 0.01 154.9 0.14 13.8
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